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 An Eimeria species is described from a domestic pigeon (Columba livia domestica). 21 
Sporulated oocysts (n = 35) were subspherical, witha smooth bi-layered oocyst wall (1.0 µm 22 
thick). Oocysts measured 20.2 x 16.1 (22.0-18.9 x 15.7- 8.9) µm, oocyst length/width (L/W) 23 
ratio, 1.38. Oocyst residuum and a polar granule were present. The micropyle was absent. 24 
Sporocysts are elongate-ovoid, 13.0 x 6.1 (14.5-12.5 x 5.5-7.0) µm, sporocyst L/W ratio, 2.13 25 
(2.0-2.2), sporocyst residuum was present, composed f numerous granules in a spherical or 26 
ovoid mass. Each sporocyst contained 2 banana-shaped sporozoites, 12.3 x 3.5 (11.8-13.0 x 27 
3.3-3.6) µm. A spherical-ellipsoid posterior refractile body was found in the sporozoites. A 28 
nucleus was located immediately anterior to the posterior refractile body. Molecular analysis 29 
was conducted at three loci; the 18S and 28S ribosomal RNA genes and the mitochondrial 30 
cytochrome oxidase gene (COI).  At the18S locus, the new isolate shared 98.0% genetic 31 
similarity with three Isospora isolates from Japan from the domestic pigeon (Columba livia 32 
domestica). At the 28S locus, it grouped separately andshared 92.4% and 92.5% genetic 33 
similarity with Isospora anthochaerae (KF766053) from a red wattlebird (Anthochaera 34 
carunculata) from Australia and an Isospora sp. (MS-2003 - AY283845) from a Himalayan 35 
grey-headed bullfinch (Pyrrhula erythaca) respectively. At COI locus, this new isolate was in 36 
a separate clade and shared 95.6% and 90.0% similarity respectively with E. tiliquae n. sp. 37 
from a shingleback skink in Australia and an Eimeria sp. from a common pheasant 38 
(Phasianus colchicus) from America. Based on the morphological data, this isolate is most 39 
similar to E. labbeana. As no molecular data for E. labbeana is available and previous 40 
morphological data is incomplete, we refer to the current isolate as E. labbeana-like. 41 
Keywords: 18S rRNA; E. labbeana-like; morphology; genetic characterization; mitochondrial 42 















1. Introduction  45 
The domestic pigeon (Columba livia domestica) is derived from the rock pigeon 46 
(Columba livia), which is the world's oldest domesticated bird. The domestic pigeon was 47 
initially introduced into Australia by European settl rs (Croome and Shields, 1992). 48 
Coccidiosis is a widespread disease caused by protozoan parasites of the genus Eimeria 49 
(Coccidia: Eimeriidae), which is a complex and diverse group of protozoan parasites (Tenter, 50 
2002). Over 1,700 Eimeria species have been identified worldwide (Duszynski et al., 2000).  51 
In birds, pathogenic Eimeria causes enteric disease and major economic losses in the global 52 
poultry industry (McDougald et al., 1997).  53 
A total of 16 Eimeria species have been identified from the family Columbidae 54 
including E. columbae (Mitra and Das Gupta, 1937), E. columbapalumbi (Jamriška and 55 
Modrý, 2012), E. columbarum (Nieschulz, 1935), E. curvata  (Adriano et al., 2000), E. 56 
duculai (Varghese, 1980), E. gourai (Varghese, 1980), E. choudari (Bhatia et al., 1973), E. 57 
janovyi (Bandyopadhyay et al., 2006), E. kapotei (Chatterjee  and Ray 1969), E. labbeana 58 
(Pinto, 1928), E. livialis  (Alyousif et al., 2009), E. palumbi (McQuistion, 1991), E. 59 
sphenocercae (Ray, 1952), E. tropicalis (Malhotra and Ray 1961), E. turturi (Golemansky, 60 
1976), E. waiganiensis (Varghese, 1978) and E. zenaidae (Adriano et al., 2003). However, 61 
due to incomplete descriptions and lack of measurements for many Eimeria sp. from 62 
Columbidae in the past, it is difficult to validate existing species and Duszynski et al. (2000) 63 
have stated that it was likely only two species (E. labbeana and E. columbarum) occur in 64 
pigeons.  As a result of these difficulties, molecuar tools are essential to accurately delimit 65 














 In the present study, we characterized an Eimeria isolate in a domestic pigeon 67 
(Columba livia domestica), using both morphological and molecular techniques. After 68 
extensive comparison of morphological data, we named this isolate as E. labbeana-like.  69 
 70 
2. Materials and methods 71 
 72 
2.1. Sample collection 73 
 74 
 An adult domestic pigeon came into care at the Kanyana Wildlife Rehabilitation Centre 75 
(KWRC), Perth in July, 2014. This bird had a leg band that identified it as having been 76 
banded in 2011 by the International Racing Pigeon Federation of Western Australia.  The 77 
pigeon had a large old wound to the neck and another n a wing. It underwent surgery and 78 
made a full recovery. A faecal sample was taken soo after admission and microscopy 79 
revealed unsporulated coccidian oocysts.  80 
 Faecal flotation was conducted using a saturated sodium chloride and 50% sucrose 81 
(w/v) solution.  A portion of faeces was placed in 2% (w/v) potassium dichromate solution 82 
(K2Cr2 O7), mixed well and poured into petri dishes to a depth of less than 1cm and kept at 83 
room temperature in the dark to facilitate sporulation. Sporulated oocysts were observed using 84 
an Olympus DP71 digital micro-imaging camera and images were taken using Nomarski 85 
contrast with a 100 x oil immersion objective. Faecal samples from another 19 domestic 86 
pigeons were collected (after midday) and also screened for coccidia.  87 
 88 















 A 3 axis hydraulic micromanipulator (MO-102, Nirashige, Japan) was used to isolate 91 
four separate single oocysts for DNA extraction andPCR. 92 
 93 
2.3. DNA isolation  94 
 95 
 Oocyst DNA extraction was as described by Yang et al. (2014). Briefly, isolated single 96 
oocysts were placed on a slide and checked under the microscope (Olympus DP71 digital 97 
micro-imaging camera). Once the existence of a single oocyst on the cover slip was 98 
confirmed, photographs were recorded for morphological identification. The coverslip was 99 
then transferred into a PCR tube containing 10 µl of lysis buffer (0.005% SDS in TE 100 
solution). After a brief centrifugation, the tube was frozen in liquid nitrogen and thawed in a 101 
95 °C water bath for four rounds to disrupt the oocyst wall. After the addition of 0.5 µl 102 
proteinase K (20 mM), the tube was incubated at 56 °C for 2 h and then at 95 °C for 15 min. 103 
The entire lysate from the single oocyst was used for three separate PCRs as described below. 104 
 105 
2.4. PCR amplification and sequencing 106 
 107 
 A nested PCR with the primers EiGTF1 and EIGTR1 (Yang et al., 2015) was used for 108 
the external amplification of the 18S rRNA gene. The expected PCR product was ~1,510 bp.  109 
The primers EiGTF2 and EiGTR2 (Yang et al., 2015) were used for the internal reaction. The 110 
PCR reaction contained 2.5 µL of 10 × Kapa PCR buffer, 2 µl of 25 mM MgCl2, 1.0 µL of 10 111 
mM dNTP’s, 10 pM of each primer, 1 unit of KapaTaq (Geneworks, Adelaide, SA), 3.5 µL of 112 
DNA for the external reaction or 1 µL of external PCR product for the internal reaction, and 113 














cycle of 94ºC for 3 min, followed by 40 cycles of 94ºC for 30 sec, 55ºC for 30 sec and 72ºC 115 
for 2 min and a final extension of 72ºC for 5 min.  116 
 The PCR for the 28S rRNA locus was carried out using a nested PCR with the external 117 
primers: 28SExF and 28SExR as previously described (Schrenzel et al., 2005), which 118 
produced a PCR product size of ~1,362 bp. The internal primers, 28InF and 28SInR, 119 
produced an amplicon size of 1,420 bp (Yang et al., 2014).  The PCR reaction contained 2.5 120 
µL of 10 × Kapa PCR buffer, 2 µL of 25mM MgCl2, 1 µL of 10 mM dNTP’s, 10 pM of each 121 
primer, 1 unit of KapaTaq (Geneworks, Adelaide, SA), 3.5 µL of DNA and 16.9 µL of H2O. 122 
Both primary and secondary PCR’s were conducted using the same cycling conditions; 1 123 
cycle of 94ºC for 3 min, followed by 35 cycles of 94ºC for 30 sec, 60ºC for 30 sec and 72ºC 124 
for 90 sec and a final extension of 72ºC for 5 min.  125 
 A partial COI gene sequence (723 bp) was amplified using a nested PCR with the 126 
following primers COIF1 (Ogedengbe et al., 2011) and COXR1 (Dolnik et al., 2009) for the 127 
external reaction and COIF2 (Yang et al., 2013a) and COXR2 (Dolnik et al., 2009) for the 128 
internal reaction. The PCR reaction contained 2.5 µL of 10 × Kapa PCR buffer, 2 µL of 25 129 
mM MgCl2, 1.0 µL of 10 mM dNTP’s, 10 pM of each primer, 1 unit of KapaTaq 130 
(Geneworks, Adelaide, SA), 3.5 µL of DNA and 13.4 µL of H2O. PCR cycling conditions 131 
were 1 cycle of 94 ºC for 3 min, followed by 40 cycles of 94 ºC for 30 sec, 58 ºC for 30 sec 132 
and 72 ºC for 1 min and a final extension of 72 ºC for 5 min. The external and internal PCR 133 
cycling conditions were identical.  134 
 The amplicons from the second round PCRs were gel purified using an in house filter 135 
tip method as previously described (Yang et al., 2013b). All the PCR products were 136 
sequenced using forward and reverse primers in duplicate using amplicons from different 137 














Foster City, California) was used for Sanger sequencing according to the manufacturer’s 139 
instructions. 140 
 The results of the sequencing reactions were analysed and edited using FinchTV 141 
(Version 1.4), compared to existing Eimeria spp. 18S and 28S rRNA and COI sequences on 142 
GenBank using BLAST searches and aligned with reference genotypes from GenBank using 143 
Clustal W in BioEdit (V7.2.5).  144 
 145 
2.5. Phylogenetic analysis 146 
 147 
 Phylogenetic trees were constructed for Eimeria spp. at the 18S, 28S and COI loci with 148 
additional isolates from GenBank. Parsimony analyses w re conducted using MEGA 149 
(Molecular Evolutionary Genetics Analysis software, v rsion 6, Arizona State University, 150 
Tempe, Arizona, USA). Neighbor-joining (NJ) and maximum likelihood (ML) analyses were 151 
conducted using Tamura-Nei based on the most appropriate model selection using ModelTest 152 
in MEGA 6. Bootstrap analyses were conducted using 1,000 replicates to assess the reliability 153 
of inferred tree topologies. 154 
  155 
3. Results 156 
 157 
3.4 Species description 158 
 159 
3.4.1 E. labbeana-like isolate 160 
 Diagnosis: Sporulated oocysts are subspherical, with a smooth bi-layered oocyst wall 161 
(1.0 µm thick). Oocysts measured 20.2 x 16.1 (22.0-18.9 x 15.7-18.9) µm, oocyst 162 














micropyle was absent. Sporocysts are elongate-ovoid, 13.0 x 6.1 (14.5-12.5 x 5.5-7.0) µm, 164 
sporocyst L/W ratio, 2.13 (2.0-2.2), sporocyst residuum was present, composed of numerous 165 
granules in a spherical or ovoid mass. Each sporocyst contained 2 banana-shaped sporozoites, 166 
12.3 x 3.5 (11.8-13.0 x 3.3-3.6) µm. A spherical-ellipsoid posterior refractile body was found 167 
in the sporozoites. A nucleus was located immediately nterior to the posterior refractile 168 
body.   169 
Host: Domestic pigeon (Columba livia domestica).  170 
Locality: Perth, Western Australia. 171 
Prevalence: Ten out of twenty pigeons screened were found to be positive (50%).  172 
Other hosts:  Unknown.  173 
Prepatent period: Unknown. 174 
Patent period: Unknown. 175 
Site of infection: Unknown. 176 
Sporulation time: 72 - 96 hours.  177 
Material deposited: DNA sequences have been deposited in GenBank under acc ssion 178 
numbers KT305927, KT305928 KT305929 for the 18S, 28S and COI loci, respectively. 179 
 180 
3.2 Phylogenetic analysis of the E. labbeana-like isolate at the 18S locus 181 
 182 
 Analysis of the five individual oocysts produced identical sequences at all loci analysed. 183 
At the 18S rRNA locus, a 1,229 bp PCR product of the E. labbeana-like isolate was 184 
successfully amplified and sequenced.  Phylogenetic analyses of the E. labbeana-like isolate 185 
at this locus using Distance, Parsimony and ML analyses produced similar results (Fig. 2, ML 186 
tree shown). The E. labbeana-like isolate grouped in a clade with three Isospora isolates from 187 














domestica) and shared 98.0% genetic similarity (Fig. 2).  189 
 190 
3.3. Phylogenetic analysis of the E. labbeana-like isolate at the 28S locus 191 
 192 
 A 1,383 bp sequence of 28S DNA from E. labbeana-like was used for phylogenetic 193 
analysis. There are few 28S rRNA sequences from Eimeria species available in GenBank and 194 
no sequences from Eimeria derived from Columbiformes birds, therefore phylogenetic 195 
analysis could only be conducted using available Eimeria 28S rRNA sequences and other 196 
coccidian 28S sequences including Isospora spp. and Goussi spp. Toxoplasma gondii was 197 
used as an outgroup.  Phylogenetic analysis grouped the E. labbeana-like isolate in a separate 198 
clade and shared 92.4% and 92.5% genetic similarity with I. anthochaerae (KF766053) from 199 
a red wattlebird (Anthochaera carunculata) from Australia and an Isospora sp. (MS-2003 -200 
AY283845) from a Himalayan grey-headed bullfinch (Pyrrhula erythaca) respectively and 201 
91% each genetic similarity with wo chicken Eimeria species; E. tenella (AF026388) and E. 202 
acervulina (GU593707) (Fig. 3). 203 
 204 
3.4. Phylogenetic analysis of the E. labbeana-like isolate at the COI locus 205 
 206 
 Phylogenetic analysis of the 670 bp COI sequence placed the E. labbeana-like isolate in 207 
a clade with E. dispersa (KJ608416) (95.6% similarity), a turkey-derived Eimeria (Fig. 4).  208 
 209 
4. Discussion 210 
 211 
Sporulated oocysts of the E. labbeana-like isolate are morphologically distinct from 212 














(http://biology.unm.edu/biology/coccidia/ COLUMBIDAE.html (Accessed on 14th July 2015) 214 
and an additional 5 species which were not in the database (Table 1). The dimensions of the 215 
oocysts from the E. labbeana-like isolate overlap in size with oocysts from E. 216 
columbapalumbi, E. choudari, E. labbeana and E. livialis. However, an oocyst residuum is 217 
present in the E. labbeana-like isolate but is absent in E. columbapalumbi and E. choudari. 218 
Similarly, oocysts of the E. labbeana-like isolate have a polar granule, which was not present 219 
in E. livialis. For E. labbeana, which was originally described in 1928, only oocyst and 220 
sporocyst measurements were available, no other features were recorded in the original report 221 
and no molecular characterization was conducted (Pinto, 1928).  We are therefore unable to 222 
fully compare this isolate with E. labbeana but have named it as E. labbeana-like due to the 223 
high similarity of the oocyst measurements (Table 1). 224 
 Molecular characterization of the oocysts of the E. labbeana-like isolate at the 18S 225 
rRNA locus showed that it was most closely related (98.0% genetic similarity) to Isospora 226 
isolates from the domestic pigeon (Columba livia domestica) from Japan. There were 5 227 
cloned 18S sequences, all reportedly Isospora sequences from a domestic pigeon in Japan 228 
(AB757860 to AB757864) and two Isospora sequences from an Austral thrush (Turdus 229 
falklandii) from Spain (JX984668 and JX984669), available in GenBank. Three of the 230 
Japanese isolates (AB757861, AB757863 and AB757864) grouped with the E. labbeana-like 231 
isolate at the 18S locus (Fig. 2). However, the remaining two Japanese isolates (AB757860 232 
and AB757862) grouped in a separate clade with the Isospora sequences from the Austral 233 
thrush (JX984668 and JX984669) (Fig. 2). This indicates that three of the Japanese isolates 234 
(AB757861, AB757863 and AB757864) were actually Eimeria isolates, while the remaining 235 
two sequences (AB757860 to AB757864) were Isospora, as they grouped with the Isospora 236 
sequences from the Austral trush. Phylogenetic analysis of COI gene sequences also grouped 237 














dispersa. At the 28S rRNA locus, the E. labbeana-like isolate shared 92.4% and 92.5% 239 
genetic similarity with I. anthochaerae (KF766053) from a red wattlebird Australia and an 240 
Isospora sp. (MS-2003 -AY283845) from a Himalayan grey-headed bullfinch respectively 241 
and 91% each genetic similarity with two chicken Eimeria species; E. tenella (AF026388) 242 
and E. acervulina (GU593707) (Fig. 3). 243 
 Morphological analysis further confirmed that theE. labbeana-like isolate is an 244 
Eimeria as this parasite is differentiated from Isospora by the typical features for the Eimeria 245 
oocyst with 4 sporocysts per oocyst and 2 sporozoites per sporocyst (Becker, 1934) (Fig. 1a 246 
and 1b), whereas Isospora oocysts have 2 sporocysts per oocyst and 4 sporozoites per 247 
sporocyst (Becker, 1934). 248 
 In summary, this is the first report of the morphological and molecular 249 
characterization of an Eimeria species in the domestic pigeon from Australia. Future 250 
characterisation of Eimeria species in pigeons is necessary, using a combination of 251 
morphological, biological and molecular techniques.  252 
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Fig. 1a. Nomarski interference-contrast photomicrographs of the E. labbeana-like isolate 361 
oocysts showing oocyst wall (OW), polar granule (PG), oocyst residuum (OR), sporozoites 362 
(SP), Stieda body (SB), and sporocyst residuum (SR).  363 
Fig. 1b. Line Drawing of the sporulated oocyst of the E. labbeana-like isolate. Scale bar  =  364 
20 µm. 365 
Fig. 2. Evolutionary relationships of the E. labbeana-like isolate inferred by distance analysis 366 
of 18S rRNA sequences (1,229 bp). Percentage support (>50%) from 1000 pseudoreplicates 367 
from distance, ML and parsimony analysis, respectivly, is indicated at the left of the support 368 
node (‘¬_’ = Not available). 369 
Fig. 3. Evolutionary relationships of the E. labbeana-like isolate inferred by distance analysis 370 
of 28S rRNA sequences (1,383 bp). Percentage support (>50%) from 1000 pseudoreplicates 371 
from distance, ML and parsimony analysis, respectivly, is indicated at the left of the support 372 
node (‘¬_’ = Not available). 373 
 374 
Fig. 4. Evolutionary relationships of the E. labbeana-like isolate inferred by distance analysis 375 
of COI sequences (670 bp). Percentage support (>50%) from 1000 pseudoreplicates from 376 
distance, ML and parsimony analysis, respectively, is indicated at the left of the support node 377 
















Table 1. Comparison of the morphology of Eimeria spp. derived from Columbidae family  



















E. columbae C. intermedia 16.4 × 14.35 - - - no 7.2 × 4.8 - - - - Mitra and Das, 
1937 
E. columbapalumbi  C. palumbus 17–24 × 15–18 
1 
1-1.44 no no yes (2) 11–16 × 6–7 1.69–2.17 scattered yes no Jamriška and 
Modrý, 2012 
             




no no - - - yes - - Nieschulz, 1935 
E. curvata Columbina talpacoti, 
squammata 
17–19 × 15–17 1.1–1.3 no no yes (1) 11.5–13 × 5.5–6 2.1 compact yes no Adriano et al., 
2000 
E. duculai Ducula spilorrhoa 26–31 × 23–27 1.1 no inconspicuous yes 14–16 × 6.5–8 - granular yes no Varghese, 1980 
E. gourai Goura victoria 19–22 × 18–21 1 no no yes 10–13 × 4–6 - granular yes no Varghese, 1980 




- no no yes 13.6 × 7.2 - no yes no Bhatia et al., 1973 
E. janovyi C. livia 24.3 × 19.8 1.2 no no yes (1) 12.06 × 10.1 1.2 granular yes - Bandyopadhyay et 
al., 2006 
E. kapotei C. intermedia 24–30 × 21.6–
26.4 
- - yes - - - scattered yes - Chatterjee and 
Ray, 1969 
E. labbeana C. domestica; C. 
livia; 
20–21 × 16–18 - - - - 12.4 × 6.4 - yes - - Pinto, 1928 
 S. decaocto;            
 S. orientalis;  S. 
senegalensis 
           
Eimeria labbeana-
like 
C. livia domestica 22.0-18.9 x 
15.7-18.9 
1.38 yes no yes (1) 14.5-12.5 x 5.5-
7.0 
2.0-2.2 granular yes no Present study 




yes No no 9.5–11.7 × 6.2–
8.1 
- scattered yes no Alyousif et al., 
2009 
E. palumbi Zenaida 
galapagoensis 
22–27 × 19–24 1.05–
1.21 
yes no no 15–17 × 8–8.5 2.12–1.76 - yes no McQuistion, 1991 




- no yes - 17.5–18.75 
×12.5–13.75 
- no - - Ray, 1952 
E. tropicalis C. intermedia 19–24 × 18–23 - yes - - 10 × 6 - yes yes - Ray, 1961 
E. turturi Streptopelia turtur 22.8–29.2 × 
17.8–25.4 
- no no no 11.5–13 × 6–7.5 - dispersed no - Golemansky, 
1976 
E. waiganiensis Chalocphaps indica, 22–25 × 19–23 1.08–
1.2 
no yes yes (2-4) 9–10.5 × 6–7.5 - yes yes yes Varghese, 1978 
 Otidiphaps nobilis            
E. zenaidae Zenaida auriculata 22.1–26.4 × 
19.2–22.1 
1.2 no no yes 12.0–14.4 × 7.2–
7.7 














AB757863 I. sp. Tokyo     
AB757861 I. sp. Tokyo   
AB757864 I. sp. Tokyo   












JX984669 I. sp. 1 JM-2013
JX984668 I. sp. 1 JM-2013
AB757860 I. sp. Tokyo
AB757862 I. sp. Tokyo
HM070378 E. sp. Alectoris graeca
KJ547707 E. sp. ex Numida meleagris
U67115 E. acervulina
KJ547706 E. sp. ex Phasianus colchicus
EU025113 E. tenella







































I. sp. MS-2003 AY283847 Southern cape sparrow (Passer melanurus)
I. sp. MS-2003 AY283843 Northern house sparrow (Passer domesticus)
I.sp. MS-2003 AY283840 Northern house sparrow (Passer domesticus)
I. sp. MS-2003 AY283848Southern cape sparrow (Passer melanurus)
I. sp. MS-2003  AY283842 Northern house sparrow (Passer domesticus domesticus)
I. sp. MS-2003 AY283869 Eastern golden-breasted starling (Cosmopsarus regius magnificus)
I. sp. MS-2003 AY283849 Southern cape sparrow (Passer melanurus)
I. sp. MS-2003 AY283870 Eastern golden-breasted starling (Cosmopsarus regius magnificus)
I.sp. MS-2003 AY283859 Cowbird (Molothrus ater)
I. sp. MS-2003 AY283860 Cowbird (Molothrus ater)
I. sp. MS-2003 AY283864 Surinam crested oropendola (Psarocolius decumanus)
I. sp. MS-2003 AY283846 Northern white-headed buffalo weaver (Dinemellia dinemelli)
I. sp. MS-2003 AY283867 Emerald starling (Lamprotornis iris)     
I. sp. MS-2003 AY283856 Wattled starling (Creatophora cinerea)
I. sp. MS-2003 AY283858 Cowbird (Molothrus ater)
I. sp. MS-2003 AY283855 Canary (Serinus canaria)
I. sp. MS-2003 AY283853 Guianan turquoise tanager (Tangara mexicana)
I. sp. MS-2003 AY283865 Northern blue dacnis (Dacnis cayana ultramarina) 
I. sp. MS-2003 AY283854 Canary (Serinus canaria)
I. sp. MS-2003 AY283868 California towhee (Pipilo crissalis)
I. sp. MS-2003 AY283862 Costa rican orange-billed sparrow (Arremon aurantiirostris rufidorsalis)
I. sp. MS-2003 AY283845 Himalayan grey-headed bullfinch (Pyrrhula erythaca) 
I. sp. MS-2003 AY283844 Himalayan grey-headed bullfinch (Pyrrhula erythaca) 
I. sp. MS-2003 AY283851 Reichenow's weaver (Ploceus baglafecht reichenowi)
I. sp. MS-2003 AY283839 Northern house sparrow (Passer domesticus)
I. sp. MS-2003 AY283857 Eastern white-starred bush robin (Pogonocichla stellata orientalis)
I. sp. MS-2003 AY283852 Sichuan white-browed laughing thrush (Garrulax sannio oblectans)
I. sp. MS-2003 AY283861 Eastern blue-winged sivia (Minla cyanouroptera)
I. sp. MS-2003 AY283850 Javan ruby-throated bulbul (Pycnonotus melanicterus dispar)
I. sp. MS-2003 AY283863 Chinese collared finchbill (Spizixos semitorques semitorques)
I. sp. MS-2003 AY283866 Grosbeak starling (Scissirostrum dubium)
E. papillata GU593706 Chicken (Gallus gallus)
Eimeria labbeana-like KT305927 Domestic pigeon (Columba livia domestica )  
E. tenella AF026388  Chicken (Gallus gallus)     
E. acervulina GU593707 Chicken (Gallus gallus)     
I. serinuse n. sp. KR477878 Domestic canary (Serinus canaria forma domestica) 
I. anthochaerae KF766053 Red Wattlebird (Anthochaera carunculata) 
I. manorinae . n. sp. KT224381 Yellow-throated miner (Manorina flavigula wayensis)
E. collieie KJ700636  Western  long-necked turtle (Chelodina colliei)
E. paludosa KJ767188 Dusky moorhen  (Gallinula tenebrosa )      

































JQ993702 E. sp. ex Apodemus agrarius
JQ993707 E. sp. ex Apodemus sylvaticus
JQ993700  E. sp. ex Apodemus agrarius
JQ993708 E. nafuko
JQ993709 E. burdai







KJ608416  E. dispersa
KP231180 Cyclospora cayetanensis
KJ547708 E. sp. ex Phasianus colchicus
HM117019 E. sp. Phasianus colchicus
HM117020 E. sp. Alectoris graeca
KJ547710   E. sp. ex Numida meleagris
JQ659301 E. praecox   


























































• A new Eimeria isolate identified in domestic pigeon.  
• Morphology study: Eimeria labbeana-like.  
• Genetic study: 98% similar to Isospora spp. from domestic pigeon at 18S locus. 
